The hagfish species found in the Sea of Japan has commonly and erroneously been identified as Eptatretus atami (Dean, 1904) . In this study, hagfish specimens were collected from four locations in the coastal area of Choshi, AwaKatsuyama, Enoshima and Noshiro in Japan for morphological and molecular analyses. Part of the cytochrome oxidase subunit 1 gene (COX1) in the mitochondrial DNA of hagfish specimens were sequenced to reconstructed a phylogenetic tree. Both morphological and molecular data suggest that the hagfish species from the Sea of Japan is not E. atami, but Eptatretus walkeri (McMillan and Wisner, 2004) . The present study also indicates that E. walkeri is widely distributed not only on the Pacific coast of Honshu Island but also in the Sea of Japan.
Introduction
The brown hagfish, Eptatretus atami (Dean, 1904) , was first described by Dean (1904) from a specimen obtained from Sagami Bay, on the Pacific coast of Honshu Island, Japan. In 1962, Honma reported that E. atami is distributed not only along the Pacific coast of Honshu Island but also in the Sea of Japan (Honma, 1962) . However, Fernholm (1998) noted that the species has in the past been confused with one or two similar undescribed taxa that are commonly and erroneously identified as E. atami. In 2004, McMillan and Wisner described two new species, E. moki (McMillan and Wisner, 2004) and E. walkeri (McMillan and Wisner, 2004) , based on differences in morphology. They noted that E. atami had 3/3 fused cusps (anterior/posterior multicusps), whereas E. moki and E. walkeri had 3/2 fused cusps, and E. moki is distinguished from E. walkeri by its well-developed ventral finfold (VFF) with pale margin. They also reported that E. moki is only found at Misaki near Sagami Bay on the Pacific coast of Honshu Island, Japan. In contrast, E. walkeri is found both off Choshi, on the Pacific coast of Honshu Island, and along the northwest coast in the Sea of Japan from Izumozaki to Niigata. This suggests that previous identification of hagfish in the Sea of Japan as E. atami was erroneous. In 2017, Kase et al. (2017) showed genetic variations between the two E. atami populations off Honshu Island from Suruga Bay on the Pacific coast and from the Sea of Japan off Akita on the northwest coast using a part of the cytochrome oxidase subunit 1 (COX1) gene from the mitochondrial genome and three G protein-coupled receptor (GPR) genes from the nuclear genome. They suggested that the brown hagfish from the Sea of Japan constitutes a distinct species from E. atami, and might be E. walkeri. Since the holotype of E. walkeri was collected off Choshi on the Pacific coast of Honshu Island (McMillan and Wisner, 2004) , a genetic divergence may occur between E. walkeri from the Pacific coast of Honshu Island and hagfish in the Sea of Japan. Due to the uncertainty of the identification, Kase et al. (2017) tentatively named the species Eptatretus sp. Akita. Thus, further study is necessary to investigate the correct identity of hagfish. Hence, this study was conducted to confirm the identity of the hagfish by doing morphological and molecular analyses on samples collected from coastal areas of Honshu Island, Japan.
Materials and Methods
Hagfish specimens were collected from three locations from the Pacific coast of Honshu Island and from Noshiro in the Sea of Japan (Fig. 1 ). Specimens were caught by trawl fishery in off Choshi and by conger tube fishery in off Awa-Katsuyama, off Enoshima, and off Noshiro. Information on individuals and their morphological characteristics is summarized in Table 1 . Detailed individual data are provided in Supplementary Table S1 . Fig. 1 . Locations and capture depth of specimens used in this study and in Kase et al. (2017) .
DNA extraction and PCR strategies used followed the methods of Kase et al. (2017) . Four primers, pat-23 (5′-AACTCACCATTACTCTAACCTA-3′), pat-30 (5′-CATAATTAGTTCTGGTGCAG-3′), pat-73 (5′-CCAACTGTGAATATGTGATG-3′), and pat-74 (5′-TAAACAGTTCACCCAGTTCC-3′) were used for sequencing. The fragment of COX1 used in this study was shorter than the one used by Kase et al. (2017) , but sufficiently long to be compared with other sequences belonging to the genus from the GenBank database (Supplementary Table S2 ). A multiple alignment was performed using the MUSCLE program (Edgar, 2004) , and a phylogenetic tree was constructed by the neighbour-joining method (Saitou and Nei, 1987) with the Tamura and Nei (1993) model implemented in the MEGA7 software (Kumar et al., 2016) .
Results and Discussion
In terms of morphology, all individuals from off Choshi, two individuals from off Enoshima, and four individuals from off Noshiro were differentiated as E. walkeri (Table 1) . They have 3/2 fused cusps (Fig. 2a) , and their six-gill pouches arrangement is closely spaced in a slightly irregular (Fig. 2b) . All individuals from off Awa-Katsuyama were differentiated as E. atami. They have 3/3 fused cusps (Fig. 2c) , and their six-gill pouches arrangement is closely spaced in a slightly irregular (Fig. 2d) . Nine individuals from off Enoshima and an individual from off Noshiro were differentiated as E. burgeri (Girard, 1855) . They have 3/2 fused cusps (Fig. 2e) , and their six-gill pouches arrangement is well spaced in a linear pattern (Fig. 2f ).
We obtained 35 nucleotide sequences (ten from specimens off Choshi, nine from off Awa-Katsuyama, 11 from off Enoshima, and five from off Noshiro) of a 706 bp section of COX1. Nucleotide sequence data were deposited into the DDBJ/EMBL/GenBank International Nucleotide Sequence Database (accession numbers: LC378949-LC378983). Details on haplotypes are provided in Supplementary Table  S1 . Two different haplotypes (c1 and c2) were found from off Choshi, four (ak1, ak2, ak3 and ak4) from off Awa-Katsuyama, two (e1 and e2) from off Enoshima, and three (n1, n2 and n3) from off Noshiro. A phylogenetic tree based on these COX1 data was constructed ( Fig. 3 ) using a dataset including the haplotypes found in this study along with further sequences of the genus from the international nucleotide sequence databases (Supplementary Table S2 ).
All four haplotypes from off AwaKatsuyama clustered with E. atami from Suruga Bay with a bootstrap value of 95 %.
Furthermore, a well-supported cluster (100 % bootstrap value) include haplotypes belonging to individuals that were morphologically differentiated from E. walkeri. Haplotypes c2 from off Choshi, e2 from off Enoshima and n1 from off Noshiro were identical to haplotype a1 from off Akita (Eptatretus sp. Akita) (Kase et al. 2017) . Haplotype n2 from off Noshiro was identical with haplotype a2 from off Akita (Eptatretus sp. Akita) (Kase et al. 2017) . Results from the present study suggests that E. walkeri is widely distributed both on the Pacific coast of Honshu Island and along the northwest coast in the Sea of Japan.
Haplotypes n3 from off Noshiro and e1 from off Enoshima formed a cluster with E. burgeri suggest that E. burgeri lives in sympatry with E. walkeri off Noshiro and Enoshima. All the phylogenetic relationships evidenced for COX1 haplotypes were consistent with morphological data (Table 1 ).
The present study indicates that the hagfish from the Sea of Japan is not E. atami (brown hagfish, Kuronutaunagi) but identified as E. walkeri (northern brown hagfish, Kita Kuro-nutaunagi).
Furthermore, according to McMillan and Wisner (2004) , the present results also suggested that E. walkeri is widely distributed not only on the Pacific coast of Honshu Island but also in the Sea of Japan. . Phylogenetic tree of nucleotide sequence data for COX1 in hagfish species, constructed using the neighbor-joining method (Saitou and Nei 1987) and the Tamura and Nei (1993) model. Nucleotide sequence data are listed in Supplementary  Table S2 . A sequence from Rubicundus lopheliae (Fernholm & Quattrini, 2008) was used as the outgroup. Scale bar: 0.02 nucleotide substitutions per site. The nodes of the trees with bootstrap values lower than 75 % were considered not wellsupported and thus collapsed. Haplotypes sequenced in the study were marked as follows: black circle, off Choshi; black diamond, off Awa-Katsuyama; black square, off Enoshima; black triangle, off Noshiro. 
